This paper reports the expression and localization of linamarase in roots of two cassava (Manihot esculenta Crantz) cultivars of low and high cyanide. Two different patterns of linamarase activity were observed. In the low-cyanide type, young leaves displayed very high enzyme activity during the early plant growing stage (3 months), whereas in root peel, the activity increased progressively to reach a peak in 11-month-old plants. Conversely, in the high-cyanide cultivar (HCV), root peel linamarase activity decreased during the growth cycle, whereas in expanded leaves linamarase activity peaked in 11-monthold plants. The accumulation of linamarin showed a similar pattern in both cultivars, although a higher concentration was always found in the HCV. Linamarase was found mainly in laticifer cells of petioles and roots of both cultivars with no significant differences between them. At the subcellular level, there were sharp differences because linamarase was found mainly in the cell walls of the HCV, whereas in the low-cyanide cultivar, the enzyme was present in vacuoles and cell wall of laticifer cells. Reverse transcriptase-PCR on cassava tissues showed no expression of linamarase in cassava roots, thus, the transport of linamarase from shoots to roots through laticifers is proposed.
Cassava (Manihot esculenta Crantz) is an important source of calories in tropical countries and ranks 10th among all crops in worldwide production . Because of the presence of cyanoglycosides, cassava is potentially toxic to human populations that subsist on cassava-based diets and low ingestion of protein. Almost all of the tissues of cassava contain large amounts of cyanogenic glycosides, such as linamarin and lotoaustralin. However, linamarin accounts for 95% of the total cyanoglycosides, therefore, most of the research on cassava cyanoglycosides has been focused on the biochemistry and metabolism of such compounds (Padmaja, 1995) .
Even though tuberous roots are the most commercially important part of the plant, little information is available on the synthesis of linamarin in such tissues because most of the data is limited to seedlings. The content of cyanoglycosides in cassava roots is dependent on the cultivar and the growth conditions (Grace, 1977) . Most cassava cultivars are incorrectly called non-cyanogenic because the cyanoglycoside content is less than 100 mg kg Ϫ1 fresh roots; but there are cyanogenic cultivars, also called bitter cassavas, which may contain cyanoglycosides of up to 500 mg kg Ϫ1 fresh roots (Wheatley et al., 1993) . There is not presently an acyanogenic cassava cultivar reported, and several studies on cassava linamarin synthesis suggest that the cyanoglucosides accumulated in roots are synthesized in shoots and then transported to roots where they are stored. However, demonstrated that secondary roots were capable of synthesizing linamarin at rates equivalent to leaves.
In cassava, the production of cyanide or cyanogenesis is the result of the hydrolysis of linamarin by linamarase to form an acetone cyanydrin, which is either spontaneously or enzymatically transformed by ␣-hydroxynitrile lyase to release hydrogen cyanide (HCN). Cassava linamarase and hydroxynitrile lyase have been purified and characterized, and their cDNAs have been isolated (Cooke et al., 1978; Eksittikul and Chulavatnatol, 1988; Hughes et al., 1992 Hughes et al., , 1994 White et al., 1998) . Even though linamarin and linamarase are present in most of the plant tissues, no HCN is detected under physiological conditions, suggesting that the enzymes and their substrate exist in two different compartments.
Previous studies on compartmentalization of cyanogenic glycosides and their degrading enzymes have shown that in leaves, 50% to 70% of the linamarase activity was apoplastic and located in cell walls (Mkpong et al., 1990; Gruhnert et al., 1994) . Pancoro and Hughes (1992) demonstrated that leaf laticifer cells were enriched with linamarase using an antisense linamarase riboprobe. This isoform of linamarase was purified and characterized by Elias et al. (1997) , which confirmed the location of the enzyme in laticifers and in cell walls of leaves. However, very little information is available on the location and expression of the linamarin-degrading enzymes in cassava roots. This paper reports the expression and immunolocalization of linamarase in roots of two cassava cultivars during the growth cycle.
RESULTS

Distribution of Linamarase Activity and Linamarin Content in Cassava Tissues
Two cassava varieties, cv V47 (high-cyanide cultivar [HCV] ) and cv V56 (low-cyanide cultivar [LCV]), with high-and low-cyanide root content, respectively, were selected from preliminary studies because they showed optimal development and a stable phenotype under different environmental growth conditions. Figure 1 shows that linamarase activity displayed different patterns of expression in these cassava cultivars during the growth cycle, with root peel as the root tissue with the highest linamarase activity (Fig. 1, A and B) . However, there was a sharp contrast in the enzyme activity of the root peel of either variety through the growth cycle, because in LCV, the linamarase activity increased gradually from 3-month-old plants until reaching a peak of 17.23 Ϯ 0.9 mol CN Ϫ g Ϫ1 fresh weight min Ϫ1 in 11-month-old plants. HCV root peel conversely displayed a decrease in its linamarase activity from an initial high of 7.71 Ϯ 1.16 mol CN Ϫ g Ϫ1 fresh weight in 3-month-old plants to attain its lowest level in 11-month-old plants with 1.54 Ϯ 0.07 mol CN Ϫ g Ϫ1 fresh weight min Ϫ1 . A second peak of activity appeared late in the growth cycle at 15-month-old plants, in contrast with a decrease in the linamarase activity of the LCV counterpart, although at this stage, both cultivars displayed similar levels of enzyme activity.
The above results showed that at harvest (9-to 11-month-old plants), the linamarase activity of LCV root peel is about 10 times that of the corresponding to HCV. Such developmental differences were also manifested in the leaves of the two types of cultivars, because in LCV, there was a very high peak of activity in young leaves (third from apex) of 8-month-old plants (73.77 Ϯ 20.18 mol CN Ϫ g Ϫ1 fresh weight min Ϫ1 ), whereas in HCV, the enzyme activity of young leaves remained very low (0.16-0.25 mol CN Ϫ g Ϫ1 fresh weight min Ϫ1 ). In expanded leaves (seventh from apex) of this variety, the highest peak of linamarase activity occurred late in the growth cycle, in 11-month-old plants (7.25 Ϯ 0.35 mol CN Ϫ g Ϫ1 fresh weight min Ϫ1 ), again in sharp contrast to LCV, where such activity was barely measurable. Interestingly enough, in both cultivars, the peak of linamarase activity in leaves was followed 3 to 4 months later by an increase of the enzyme activity of the root peel. Not only was the pattern of linamarase activity different between cultivars throughout the growth cycle, but the absolute values of such enzyme activities in leaf and root peel was 10 times higher in LCV than in HCV.
The linamarin content of cassava tissues during the growth cycle is shown in Figure 2 , where we observe that the overall pattern of linamarin accumulation seemed very similar for both varieties. The highest concentration of linamarin for either type was observed in root peel 8 months after sowing the plants. HCV, however, showed 1.6 times the amount of cyanide in root peel as compared with LCV. As expected, the accumulation of cyanide during the growth cycle in root parenchyma of HCV was higher (18-fold) than in LCV with a peak of accumulation at 11-month-old plants. In leaves, the highest linamarin concentration occurred, as well, in 11-month-old plants of either type, but in HCV, young leaves (third from apex) were the most cyanogenic in contrast to LCV where the highest linamarin concentrations appeared in the expanded leaves (seventh from apex). Figure 3 shows immunoblots of different chromatographic fractions obtained from the purification procedure applied to linamarase. We observe that after electrophoresis, the immunological reaction occurred only with a major polypeptide band of M r ϭ 65,000, corresponding to that of the pure enzyme, and a minor one of M r ϭ 52,000, which was present in fractions containing ␤-glucosidase activity (lanes 2-6). We also note that those chromatographic fractions with low or no enzyme activity (lanes 7-16) did not react with the antibody. The purified enzyme used to raise the antibodies gave a very strong reaction with a single polypeptide band of M r ϭ 65,000 (lane 17), coinciding with that reported for linamarase . Given the appearance of the M r ϭ 52,000 band in fractions with linamarase activity (lanes 4-7), it is likely that it may have corresponded to a proteolytic fragment of linamarase, or it might have been simply the result of a nonspecific reaction. However, it is noteworthy that such polypeptide band was not present in the fraction used to raise the antibodies.
Immunoblot Analysis
The specificity of the rabbit immune serum raised against the commercial linamarase from cassava was further tested by immunoprecipitation of the crude enzyme activity with the antibody prepared against the purified enzyme. Linamarase activity of the leaf extracts incubated with the normal serum was com- ) was loaded on a 10% (w/v) polyacrylamide gel. After separation, proteins were transferred to a nitrocellulose membrane, and the blot challenged with rabbit antiserum raised against cassava linamarase (1:5,000). Horseradish peroxidase goat anti-rabbit antibodies (1:10,000) were used as secondary antibody. 3,3Ј,5,5Ј-tetramethyl-benzidene was used as a substrate for the peroxidase. pared with those incubated with immune serum. Figure 4 shows that a decrease in linamarase activity of 98.6% (n ϭ 4) was obtained with the immune serum, indicating that the rabbit antiserum recognized the linamarase present in the cassava leaf extracts. This result was confirmed by immunoblot analysis using plant extracts of both cultivars.
Immunolocalization of the Enzyme in Cells and Tissues
In the normal rabbit serum-treated section leaves, no fluorescence was observed throughout all the tissue. More than 2 min was required for film to capture the natural fluorescence of plant leaf tissues (Fig. 5A ). However, in antiserum-treated sections of cassava leaves, specific fluorescence corresponding to linamarase was located mainly in laticifers of both cultivars (Fig. 5, B and C) . In HCV expanded leaf petiole sections ( Fig. 5B) , the specific fluorescence included as well parenchymatous cells and cells associated with the cambium, suggesting that more than one cellular type is involved in the synthesis of linamarase in leaves. In root sections, high concentrations of starch granules were observed (Fig. 5D ). To reduce the side effects of a high concentration of starch in the root sections, ␣-amylase (8 mg mL Ϫ1 ) was added to the antiserum preparation. In antiserum-treated sections of cassava roots, specific fluorescence corresponding to linamarase was mainly located in the laticifers of both cultivars (Fig. 5, E and F) .
The subcellular location of linamarase was examined by electron microscopy using gold-conjugated goat anti-rabbit IgG. Figure 6 shows some of the pictures obtained from sections that were challenged with the linamarase antiserum. Pictures were taken at different magnifications of the tissues. Full-cell pictures were chosen for the statistical analysis (STATIS-TICA for Windows v5.0, StatSoft, Tulsa, OK). Gold particles were counted, and the number of particles in different subcellular compartments was averaged. For each experiment, a control with preimmune serum was included. Table I shows the estimated means of gold particle density obtained for each cell compartment of petiole and root tissues. The estimated means for each compartment were compared using the null hypothesis 1 Ϫ 2 ϭ 0 and the alternative hypothesis 1 Ϫ 2 0. The results show that in both cultivars, the particle density of cytosol and cell wall of parenchyma cells was significantly different when compared with the means for vacuole and organelles of root peel, parenchyma tissue, or petiole. However, for LCV, the null hypothesis was accepted when densities of particles in the cell wall and modified vacuole of laticifer cells were compared. In HCV, the null hypothesis was conversely rejected, suggesting that cell wall of laticifer cells had a higher concentration of linamarase. In addition, the gold particle density for each cell type of petiole and root peel was averaged and compared. The estimated means for each cellular type were compared using the null hypothesis 1 Ϫ 2 ϭ 0 and the alternative hypothesis 1 Ϫ 2 0. The results show that in both cultivars, parenchyma cells and laticifer cells of petiole had the same particle density, whereas in root peel, the null hypothesis was rejected, indicating a higher particle density in laticifer cells of this tissue (Table II) . In short, linamarase was found in roots mainly in cell walls and modified vacuoles of laticifer cells and in the cytosol and cell walls of leaf cells. No significant differences were observed between the two cassava cultivars.
Detection of Linamarase mRNA in Cassava Tissues
Results of reverse transcriptase (RT)-PCR performed to detect specific mRNAs were similar in both cassava varieties (Fig. 7) . A band of 871 bp corresponding to linamarase mRNA was amplified in cassava leaves, but not in root tissues, indicating that linamarase mRNA is present in young leaves but not in root peel of 9-month-old plants. As a control for integrity of the isolated root peel total RNA, cassava GADPH was amplified. An expected band of 348 bp corresponding to cassava GADPH mRNA was obtained. In some of the samples, a 695-bp band corresponding to the GADPH gene was also amplified. However, a band corresponding to linamarase gene (1,504 bp) was not amplified in any of the samples under the experimental conditions used.
DISCUSSION
In developing countries, cassava provides an important source of calories, mainly in marginal areas with low levels of income and limited access to farm technologies. However, cassava production is also an important source of employment and income in these countries. In this sense, IMPACT projections suggest that cassava demand in the next 20 years is expected to increase considerably, therefore, special efforts should be made to improve cassava root yield and address the problems with cassava consumption such as cyanogenesis (Pinstrup-Andersen et al., 1999) .
Cultivar-dependent differences in the cyanogenic components of cassava have been very controversial. Extensive research has been done to understand the physiological basis to account for these differences. Several factors, intrinsic and extrinsic, including the genotype and the environmental conditions such as dryness and soil composition have been assigned for the differences observed (Grace, 1977) . In the present work, two different cassava cultivars have been stud- ied. Both differ in the expression of linamarase and accumulation of linamarin as it was shown in "Results."
The two cultivars under study have a differential pattern of linamarase activity during the growth cycle. Special care had to be taken at the moment of the analysis of the data and of triplicate measurements with different dilutions of the extracts. An analysis of more than two plants of each cultivar of each age, sharing the same organ sampling for different determinations was needed too. Because it is very difficult to control the environmental factors, the mode of several plants were taken into account at the moment of the analysis. This, indicates that if the genotype is important, the environment conditions are also important modulators of the expression of the enzymes involved in both the synthesis of linamarin and the expression of linamarase. However, despite the differences observed in the absolute values from one field assay to the other (preliminary data not shown), the general tendency was always the same, and the results were consistent with the observations made by other authors in similar studies . Clearly, the linamarase activity distribution varied between different organs and tissues of the same plant and between cultivars as is shown in the results presented. However, a generalization cannot be ascertained for every cassava cultivar. In the present work, the low-cyanide cassava showed very high expression of the enzyme in young leaves of 3-and 8-month-old plants, whereas the activity in root peel increased through the growth cycle. The HCV conversely showed a decrease in the root peel linamarase activity during the growth cycle. In 11-month-old plants, at a time in the growth cycle when the starch stored in roots starts to be used for new growth, the activity in expanded leaves increased, and 4 months later, there was a peak of linamarase activity in the root peel of this cultivar. Because both cassava cultivars had differential characteristic pattern of linamarase expression, they can be used as a model to study the physiological differences between cyanogenic and non-cyanogenic cassavas. Sections were incubated with anti-linamarase serum followed by incubation with 10-nm gold-conjugated goat anti-rabbit antibodies. In non-cyanogenic cassava: A, root peel; B, root parenchyma; and C, petiole. In cyanogenic cassava: D, root peel; E, root parenchyma; and F, petiole. Bars ϭ 2 m. cw, Cell wall; v, vacuole; c, citosol; m, mitochondria; pc, parenchymatous cell; L, laticifer cell. Arrows indicate a gold particle.
Table I. Immunogold labeling of linamarase in different cellular compartment of parenquimatous and laticifer cells
The results are the mean of gold particles per m 2 Ϯ SD. Means were compared using one-way ANOVA. No. of cells analyzed is in parentheses. An asterisk indicates significant differences (P ϭ 0.05). Linamarase has been studied previously in leaves at the subcellular levels. White et al. (1994) and Gruhnert et al. (1994) showed that in more than 50% of the cassava leaves, linamarase was present in the apoplast. The apoplastic location was confirmed by Mkpong et al. (1990) who showed that most of the immunogold labeling was present in the cell wall of cassava leaves. Pancoro and Hughes (1992) demonstrated the presence of mRNA in laticifer cells of petiole and leaves, and Elias et al. (1997) purified and characterized the laticifer isozyme. However, this is the first report, to our knowledge, in which the immunolocalization of linamarase in cassava roots is shown and the location of the enzyme is compared in low-and high-cyanide cassava cultivars. The results of immunofluorescence presented here showed clearly the immunolocalization of linamarase in laticifers of petioles and roots of both cultivars. The results obtained support the hypothesis, proposed first by Pancoro and Hughes (1992) , that linamarase may be transported from shoots to roots throughout the branched laticifer network in the cassava plant.
The immunolabeling results also showed that in the high-cyanide plants, linamarase was located in the cell wall and in the cytosol, whereas in the lowcyanide cassava cultivar, linamarase was mainly located in modified vacuoles of laticifer cells and cytosol of parenchyma cells. This may suggest differences in the linamarase efficiency and/or mechanisms of transport between the cultivars studied. However, there is no report of differences at molecular levels of the linamarase genes in cassavas that may be responsible for the differential locations observed.
One of the most discussed aspects of cyanogenesis in cassava is the biosynthesis and transport of linamarin . Early studies indicated that linamarin was transported from shoots to primary roots, which were not able to synthesize linamarin (Koch et al., 1992; Bokanga et al., 1993) . The enzymes involved in the biosynthesis have been characterized, and a vacuolar location of linamarin has been demonstrated (White et al., 1994; . Two mechanisms for the transport of linamarin to roots have been proposed; either symplastically via the phloem or apoplastically as a nonhydrolyzable cyanoglucoside. In addition to results indicating the contribution of the shoots to the root linamarin, and Du et al. (1995) demonstrated that roots were also capable of synthesizing linamarin at rates equivalent to those of leaves. Therefore, the linamarin present in root parenchyma may have two biosynthetic sources. Our work indicates that, in general, all the tissues of cyanogenic cassava have more cyanide than the lowcyanide cassava cultivar, indicating a higher rate of synthesis and accumulation of linamarin in these cultivars. However, in the low-cyanide cassava cultivar, the expression of linamarase is higher in most of the tissues.
The most important finding of the results here presented is the absence of linamarase mRNA in the roots of the two cultivars under study. Since no linamarase mRNA has been detected in cassava roots, the transport of linamarase from leaves to roots is suggested. Our work also indicates that there must be a differential rate of linamarase expression and transport that accounts for the differences in the en- Figure 7 . RT-PCR analysis of linamarase in cassava tissues. Lane 1, 123-bp ladder; lanes 2 through 5, using specific cassava glyceraldehyde diphosphate hydrogenase (GADPH) primers; lanes 6 through 9, using specific cassava linamarase primers. Lanes 2 and 8; Using 100 ng of total RNA from young leaves of high-cyanide content cassava (HCV); lanes 3 and 9, using 100 ng of total RNA from low-cyanide content cassava (LCV); lanes 4 and 6, using 1,000 ng of total RNA from root peel of HCV; lanes 5 through 7, using 1,000 ng of total RNA from root peel of LCV. 
MATERIALS AND METHODS
Plant Material
Two cassava (Manihot esculenta Crantz) cultivars, cv V47 and cv V56 from Instituto de Estudios Avanzados germplasm bank, were grown from in vitro plants. Both cultivars varied in their root cyanoglucoside content; cv V47 (HCV) is a bitter cassava and cv V56 is an LCV. Plants were grown outdoors from stem cuttings of these in vitro plants for 3 to 15 months before use as a source of plant tissue. Tissue extracts for enzyme assays and western analysis were prepared by grinding liquid nitrogen frozen plant tissues in 100 mm sodium phosphate buffer (pH 6.8) using a mortar with a pestle. Plant extracts were centrifuged, and supernatants were frozen at Ϫ20°C until needed. A fraction of the same tissue used for enzyme activity was employed for cyanide quantification. These extracts were prepared using standard procedures as described by Ikediobi et al. (1980) consisting in tissue disruption in liquid nitrogen followed by fast grinding (Ͻ30 s) in 100 mm HCl acid, and the homogenate was immediately adjusted to pH 6.8 with base. The resulting supernatant was stored at Ϫ20°C until analyzed.
Linamarase Activity and Analytical Methods
Linamarase activity was determined by estimating the HCN liberated during the reaction. Reactions were performed at 37°C with 13 mm of linamarin in the presence of 100 mm sodium phosphate buffer, pH 6.8, in a closed vessel. A time course of 30 min with different dilutions of the extract was used for measurements of activity. Excess cassava linamarase (BDH, Poole, Dorset, UK) was used for quantification of tissue cyanoglycosides, and the cyanide was measured spectrophotometrically at 585 nm using a cyanide determination kit (Spectroquant Cyanide 14800, Merck, Darmstadt, Germany; Hughes et al., 1992) . Potassium cyanide was used as a standard. All assays were carried out with three different plants of the same age, grown under the same conditions. At least three measurements of different dilutions of the same extract were performed. Protein was determined by triplicate with a protein determination kit (Bio-Rad, Hercules, CA) according to the manufacturer's instructions, using bovine serum albumin (BSA) as the standard (Bradford, 1976) .
Preparation of Antibodies
Linamarase was purified from a cassava BDH extract subjected to molecular exclusion by using column chromatography with Sephadex G200. Fractions with ␤-activity were then electrophoresed (Laemmli, 1970) in a 10% (w/v) SDS-PAGE gel and stained with the silver stain kit from Bio-Rad.
Fractions showing a single electrophoretic protein band of linamarase (M r ϭ 65,000) were pooled, freeze-dried, and desalted before resuspension in 10 mm potassium phosphate buffer (pH 7.0). The purified protein (100 g) was emulsified with an equal volume of Freund's complete adjuvant for the first challenge and with Freund's incomplete adjuvant for the second and third injections. Injections were administered subcutaneously to a Dutch rabbit at two sites. The second and third injections were performed 28 and 42 d after the first injection. Blood (20 mL/bleed) was collected before the first injection and at d 35 and 56 after the first injection. The blood was incubated at 37°C for 1 h and then left overnight at 4°C. Clotted blood cells were decanted, and the remaining serum was centrifuged at 5,000g for 10 min and stored at Ϫ20°C (Harlow and Lane, 1988) .
Antibody Specificity
The specificity of the rabbit antibodies against linamarase was checked by their ability to immunoprecipitate the activity of this enzyme. Cassava leaf extracts containing 5 to 40 g of protein were incubated with either anti-linamarase polyclonal antibody or normal serum, at a dilution 1:10 in a 50-L final volume. Incubations were carried out overnight in a water bath at 37°C. Then 2.5 mg of protein A-Sepharose in 10 L of phosphate buffered saline (PBS) was added, and the mixture was incubated at 37°C for 1 h with agitation and centrifuged at 10,000g for 1 min to precipitate the antigenantibody-protein A-Sepharose complex. The supernatants were collected, and enzyme activity was measured in triplicate. Preimmune serum (normal serum) used for controls was obtained from the same rabbit used to prepare the antibody before being immunized.
Immunoblot Analysis
Protein extracts were subjected to electrophoresis on 10% (w/v) polyacrylamide gels in the presence of 1% (w/v) SDS and then transferred onto nitrocellulose membranes using a Trans-Blot Semidry Bio-Rad system. Proteins were visualized with Ponceau S and washed in dilution buffer containing 10 mm sodium phosphate buffer, pH 7.4, 0.9% (w/v) NaCl, and 0.1% (w/v) Tween 20. Membranes were blocked overnight with 3% (w/v) nonfat milk in dilution buffer. Blots were challenged with antiserum raised against linamarase diluted 1:5,000 in dilution buffer supplemented with 1% (w/v) nonfat milk. Bound antibodies were visualized with goat anti-rabbit antibodies conjugated to horseradish peroxidase. The ECL detection kit from Amersham (Buckinghamshire, UK) was used according to the manufacturer's instructions.
In Situ Immunofluorescence Labeling of Linamarase
The method reported by Hattersley et al. (1977) was followed with the following modifications. Leaves and roots were cut by hand with razor blades and immediately immersed in 70% (v/v) ethanol for 2 h. Sections were rinsed in PBS and then blocked for 1 to 2 h in blocking solution (PBS-1% [w/v] BSA) with gentle agitation. After blocking, sections were incubated overnight with anti-linamarase serum diluted 1:8 in PBS. The cuts were then washed three times in PBS for 20 min and incubated with a solution containing a dilution 1:10 of conjugated goat anti-rabbit IgG coupled with fluorescein isothiocyanate. After a 1.5-h incubation in darkness, sections were washed as above and then mounted on slides in a solution of 50% (v/v) glycerol-1% (v/v) thymol. All procedures were performed at 22°C to 25°C. Sections were observed using a microscope with a blue excitation (450-490 nm) two-position filter system that allows excitation of fluorescein (Zeiss, Jena, Germany). Pictures were taken with a Konica camera adapted to the microscope using the automatic exposure mode and with Kodak Gold color film (400 ISO, Eastman-Kodak, Rochester, NY).
Immunogold Electron Microscopy
Cassava tissues (1 ϫ 1 ϫ 2 mm) were fixed in 2% (w/v) paraformaldehyde and 1% (v/v) glutaraldehyde in 50 mm PIPES buffer (pH 7.2) for 2 h at 4°C under vacuum to facilitate infiltration (Mohan et al., 1993) . To remove the fixative, tissues were washed twice for 30 min at 4°C with PIPES buffer. The tissues were dehydrated at 4°C successively in solutions of 15%, 30%, 50%, and 80% (v/v) ethanol and then embedded in 25%, 40%, 50%, and 100% (v/v) LR White resin at 4°C for 15 d under vacuum. Polymerization was performed at 50°C for 24 h. Blocks were cut with a ultramicrotome (Ultracut, Reichert-Jung, NuBlock, Germany), and sections were placed on 300-mesh gold grids. The grids were floated, sections side down, on a drop of blocking buffer (0.8% [w/v] BSA, 0.1% [w/v] gelatin, 100 mm PBS, pH 7.2, 0.05% [w/v] sodium azide, and 5% [v/v] fetal calf serum) for 45 min at RT and then incubated for 16 h at 4°C with a dilution 1:5 of the linamarase antibody in the same buffer. Sections were rinsed in blocking buffer and incubated for 3 h at 22°C to 25°C with goat antirabbit-IgG conjugated to 10-nm colloidal gold diluted 1:50 in the same buffer. After three washes in washing buffer (0.8% [w/v] BSA, 0.1% [w/v] gelatin, 100 mm PBS, pH 7.2, and 0.05% [w/v] sodium azide) and water, sections were stained with 4% (w/v) uranyl acetate and 0.4% (w/v) lead citrate for 10 min each and then rinsed with water. Controls were done with preimmune serum and secondary antibodies. Electron microscopy was carried out on an EM-400 electron microscope (Philips, Eindhoven, The Netherlands).
Detection of Linamarase mRNA in Cassava Tissues
The RT-PCR technique (Promega, Madison, WI) was used to investigate the presence of mRNAs in cassava tissues. Plant tissues were obtained from
